A fistula of the anterior table of the frontal sinus is an uncommon complication of acute frontal sinus abscess. Various methods to close a frontocutaneous fistula have been described. Wepresentthesecond reported transfistula endoscopically assisted primary closure ofafrontocutaneousfistula, which eliminated the needfor majorsurgical intervention. We also review the etiology, pathogenesis, diagnosis, and managementoffrontocutaneous fistula. From the Depart m ent of ENT, Colchester Gen eral Ho spital, Colch ester, UK. CorrespondingAuthor:Mr. Perumal Gounder Chokkalingam, Departm ent of ENT, Colchester General Hospital, Turner Road, Colche ster C0 4 SjL, UK. E-m ail: cho kks@btopenworld.com 736 • www.entjournal.com
Introduction
Frontal sinusitis usually resolves with conservative management and rarely results in a frontal abscess. The anterior wall of the frontal sinus is composed of relatively thick bone, so that infected, retained secretions in the sinus only rarely cause pressure necrosis and osteomyelitis. More unusual still is frontal osteomyelitis complicated by a frontocutaneous fistula.
Surgery for an empyema of the frontal sinus consists of either an external drainage procedure (e.g., frontal sinus trephine) or a combined endonasal and external approach. The aim of the latter is to drain the empyema and reestablish frontoethmoidal drainage. In an established case of a frontocutaneous fistula, transfistula endoscopically assisted closure' can be performed, as described in this article .
Streptococcus milleri . The patient was discharged with appropriate antibiotics.
Four months later, the patient presented to our ENT Department with a forehead fistula to the left of the midline. She had no previous history of rhinosinusitis. Examination showed a l-cm fistula on the forehead, overlying the region of the left frontal sinus (figure 1). Findings of endoscopic examination of her nasal cavity were normal. She underwent a high-resolution (l -mm coronal section) computed tomography (CT) scan of the paranasal sinuses, which confirmed a bony defect in the anterior table of the frontal sinus, with cutaneous communication (figure 2) and obliteration of the frontal recess. The other paranasal sinuses were clear. The patient was placed on the waiting list for surgery to restablish frontoethmoidal drainage and closethe fistula. When she was called for surgery 18 months later, the senior author who performed the surgery (Mr. McRae) noted that the frontal sinus cavity had significantlyinvoluted and was smooth walled without intrasinus septa. In view of this and because the frontal recess had been obliterated,we decided to obliterate the frontal sinus and close the fistula as a one-stage procedure. Using 4-mm 30°and 70°Storz rigid sinus endoscopes, we were able to visualize and reach all of the sinus cavity with a 2-mm, 45°, angled, round middle-ear cutting knife. A circumferential incision was made around the fistula and, under direct visualization, the fistulous tract was mobilized until the frontal sinus cavity was reached. 
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Our STAMMBERGER BipolarSuction Forceps. a key addition to our array of paranasal sinus instruments, are available in 15°and 45' uptumed tip designs for optimum visualization at the tip. The instrument is also capableof performing simultaneous bipolar coagulat ion and suction. Using the 30°and 70°rigid endoscopes and middle-ear knife, we carefully stripped the mucosal lining of the frontal sinus and excised it in total. The sinus cavity was obliterated with temporalis muscle and fascia.The fistula was closed by mobilization of subcutaneous tissue and skin with primary closure. A good cosmetic result was achieved (figure 3), and the patient is symptom free 3 years following surgery.
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Discussion
The frontal sinus appears during the second year of life as excavations into the diploe of the frontal bone. This sinus drains inferiorly through the frontal recess, which is an hourglass-shaped narrow tract connecting the frontal sinus with the nasal cavity. The frontal sinus is the only sinus in which there is an active, inwardly directed transportation of mucus, and the secretions may recycle through the sinus several times.' Mucosal swelling ofthe frontal recessimpairs ventilation and drainage within the frontal sinus and allows retention of secretions. This provides an ideal environment for both viral and bacterial growth. The combination of poor ventilation and infection causes a reduction in the pH of the sinus and slows mucociliary transport. This may cause the production of high-viscosity mucus and frontal recessscarring. Ultimately, a mucocele or an empyema of the frontal sinus may occur.
Infections of the larger sinuses are usually rhinogenic, spreading from the nose through the compartments of the anterior ethmoid. Infection in the frontal sinus can spread to the anterior table of bone either by direct extension or by propagation of septic thrombi through the venous communications of the mucosa of the frontal sinus to the diploe. ' S milleri, Bacteroides spp, Staphylococcus aureus, and Proteus spp have been identified as common causative organisms. ' Since the frontal bone is diploic with a marrow cavity, it issusceptible to osteomyelitis. Erosion of the posterior wall can cause intracranial complications. Erosion of the anterior wall can result in a fluctuating swelling (Pott's puffy tumor) that occasionally ruptures spontaneously or is surgically drained, resulting in a discharging frontocutaneous fistula.
CT scanning is the standard method of diagnosing acute frontal sinus disease and its complications. Losbona et al have suggested that 99mTc-methylene diphosphonate (99mTc-MDP) imaging is helpful in diagnosing earlyacute osteomyelitis. ' However, a CT scan provides adequate information in an established frontocutaneous fistula.
Surgery for a frontal sinus abscess traditionally involves a bicoronal or spectacle incision to drain the pus and debride the affected bone. Once the infection has settled, the resulting cosmetic defect is corrected as a secondary procedure using a bone graft or a variety of other exogenous materials.
With the advent of endoscopes, the primary aim of treatment for recurrent acute or chronic frontal sinus disease is to reestablish the natural drainage pathway. This may be achieved by decompression of the frontal recess and, in particular, removing the portions of the bulla ethmoidalis, uncinate process, and agger nasi that are narrowing the recess. In some instances, this may not be possible because of significant mucosal edema and the loss of anatomic landmarks as a result of infection. In such cases, initial external drainage may be the way to proceed, followed by a second-stage endonasal reestablishment of frontoethmoidal drainage. The patient and the sur geon should be aware of the possibility of a two-stage procedure, and this should be reflected in the consent. If external drainage is contemplated, the surgical dr ainage should be th rough nondiploic bone to avoid fistula formation. Therefore, in the frontal sinus, drainage is usually performed through its floor,"
Reestablishing frontoethmoidal drainage when the frontal recess has been obliterated is difficult, and even when Draf procedures are undertaken, there is a significant failure rate . In our case, the frontal recess was stenosed by bony sclerosis. Therefore, because endoscopic or external reestablishment of frontal sinus drainage would have been difficult, obliteration of the frontal sinus was considered. We successfully closed the fistula and obliterated the cavity with temporalis fascia and muscle as a one -stage procedure. This was made possible with the judicious use of rigid endoscopes, avoiding an osteoplastic flap.
Weber et al suggest that successful obliteration of the frontal sinus requi res meticulous removal of the frontal sinus mucosa, remova l of the inner cortex of the sinus wall, and permanent occlusion of the nasofrontal duct.' To achieve this, it is essential to enlarge the fistula by excising a large part of the anterior table of the frontal sinus. This would inevitably result in an unsatisfactory cosmetic defect. We obviated this problem by the novel use of endoscopes,which assisted us in direct visualiza -Volume 88, Number 1 tion and scru pulous excision of all the front al sinu s mucosal lining.
Various materials-including hydroxyapatite cement, autologous fat, muscle , bone, pericranial flaps, bioactive glass S53P4, lyophilised allogenic cartilage, and Proplast-havebeen used to obliterate the front al sinus. Some authors opine, however, th at successful obliteration is determined not by the type of material, but by complete removal of all sinus mucosal lining,"
In our patie nt, several reasons, including patient and administrative factors, caused a delay of appro ximately 18 months until surgery. As a result, we found that the fistula had contracted and the frontal sinus cavity involuted. We believe that a period of observation may be useful in such cases, as involution obvi ates the need for extensive debridement of the anterior table, allows easy and complete removal of all mucosal lining,and reduces the cosmetic deformity. However,thi s practice and technique should not be advocated if the frontocutaneous fistula arises in a patient with an extensive superior and lateral pneumatization of the frontal sinus.
Conclusion
Frontal sinusitis rarely results in frontocutaneous fistula . Early treatment of acute frontal sinus itis prevents the formation of an abscess. Empyema of the frontal sinus , when it does occur, should ideally be treated by endoscopic transnasal drainage. If this is not feasible, the abscess should be drained externally through the floor of the sinus where the bone is non diploic. We believe that a period of observation in an established frontocutaneous fistula results in involution of the cavity, which may make less aggressive transfistula endoscopic management possible.
